The objective of this work was to determine how some wastewater acids could be used to prevent the decomposition of urea into ammonia during storage. The effect of storing human urine with olive oil mill wastewaters (OOMW) or water bubbled with CO 2 (BW), was studied. Moreover, the application of two levels of urine dissolved in water OOMW, has been studied in relation to the properties of two soils (loam and silty-clay loam). Our data provide evidence that human urine dissolved in OOMW significantly reduced the release of ammonium-N. Moreover, OOMW and CO 2 significantly lowered the pH. A dosage higher 10% OOMW dissolved in fresh urine in volume could inhibit the hydrolysis of the urea for more than 6 months. Moreover, urine-N dissolved in OOMW significantly reduced the emission of nitrates from soils for 3 months, increasing K and P values. The application of urine with BW raised the soil pH and lowered the EC, but had no effect on nutrient contents. Thus, urine dissolved in OOMW and applied to soils could act as NPK-fertilizer. However, the impact of fertilization with human urine-OOMW-CO 2 requires further investigation with respect to crop production and pollution.
INTRODUCTION
The plant nutrients consumed in human society today are lost through the established wastewater-treatment systems in industrialised countries as well as via insufficient or non-existent handling of sewage in the developing world.
Human urine is a natural resource, which is available in all human societies, even the poorest ones. Urea is the main nitrogen component present in human urine. Urea fertilizer production has developed during the last few decades so that urea is one of the most important industrial nitrogen fertilizers. When urine becomes mixed with faeces, the mixture is much more difficult to handle hygienically outside of The use of recycled urine, even if it is successfully separated from faeces, requires storage and transport. Storage offers a possible way of reducing the potential health risks from faecal pathogens (Hoglund et al. ) .
In fresh urine the greater part of the nitrogen appears in organic form as urea CO(NH 2 ) 2 . During hydrolysis, the pH rises and ammonium and bicarbonate ions are produced.
Hydrolysed urine could be a resource of N and P because it could provide as much as 7,220 mg/L of N-NH 4 and 206 mg/L of P-PO 4 . Complete hydrolysis requires 3-7 days (Liu et al. ) . There is a strong relationship between pH urea. The addition of acidic materials to urea may reduce urea hydrolysis and NH 3 volatilization. A one-time dosage of 60 meq sulphuric or acetic acid per litre of undiluted urine at the beginning of the storage period could inhibit the decomposition of urea for more than 100 days of storage in cans with multi-time dosages of urine (Hellström et al. ) .
OOMW is produced in large amounts in Mediterranean countries. This material must be re-used to reduce its environmental impact and recover some nutrients. To solve the problems associated with OOMW, different elimination methods have been proposed based on evaporation ponds, thermal concentration and physico-chemical as well as biological treatments, including application on the soil (Roig et al. ) . Many authors have observed phytotoxic effects in plants when this waste is used directly as an organic fertilizer. Such negative effects are associated with its high mineralsalt content, low pH and the presence of phytotoxic compounds, especially phenols. However OOMW contains a high organic load, as well as substantial amounts of plants nutrients and is a low-cost source of water, all of which favour its use as a soil fertilizer (Paredes et al. ) . It has been demonstrated that OOMW can supply a large amount of potassium that may affect the Ca status of the soil and subsequently that of the plant (Gallardo-Lara et al. ).
Moreover, OOMW can partially block the inorganic-N temporarily, reducing the issuance of nitrate for 2 months (Jimenez ) . Thus, OOMW improves the efficiency of fertilizers to avoid any N-loss during the first irrigations.
Also, the atmospheric CO 2 must be reduced and reused.
It could be absorbed from the air of chimneys or contamination focus into aqueous solutions (Tontiwachwuthikul et al. ) . Dissolved CO 2 lowers tap-water pH due to the formation of carbonic acid which, like sulphuric and acetic acids used by Hellström et al. () , could inhibit the decomposition of urea.
Tap water or OOMW bubbled with CO 2 coming from a bottle of industrial gas can dissolve part of the bubbled CO 2 .
In this form, as dissolved inorganic carbon, the gas could enter the soil as CO 2 or HCO 3 1À by means of fertilization or irrigation ( Jimenez ) .
Given that both OOMW and BW have acidic pH values, both might be useful to maintain the urine pH acidic and thus conserve nitrogen in urea form.
The aim of this work was to investigate the storage of urine in acidic wastewater mediums such as OOMW or BW and verify whether different urine concentrations stored in these mediums could inhibit the decomposition of urea over the long term. Also, it was to study the changes in soil properties with the input of urine dissolved in OOMW or BW after storage for some months. It was determined whether urine-OOMW-BW mixtures were useful as fertilizer NPK.
MATERIAL AND METHODS
The 
Conservation tests
A previous laboratory experiment was carried out with different rates of urine-OOMW to evaluate the effect of OOMW on pH and ammonia-N. While for all treatments with water pH increased, reaching values close to 9, in the treatments with rates OOMW-urine higher 10% in volume, pH values remained close to 4.5.
Ammonium-N values found in each sample grew with urine concentration used. However, these values are approximately 10-fold smaller in OOMW dilutions than in water. This indicates that OOMW could be effective for the conservation of urine-N in urea form.
Test C1 -Two replications of 1 L of three dilutions of urine (1/10, 1/5, 1/1) per volume of tap water and OOMW were prepared in brown bottles. Also, replicates of the dilutions using each bottle were measured using a pH/ion meter and at the same time the ammonia-N concentration in each sample was determined by distillation using the urea method of Keeney & Bremner () . For this, 10 mL of potassium phosphate buffer were added to 1 mL of each sample and, after distillation, released ammonia-N were valued with diluted sulphuric acid. No fungi appeared in any of the bottles.
Fertilizer tests
Two soils (loam and silt-clay-loam) from the farmlands of Granada (southern Spain) were studied. The characteristics of both soils are described in Jimenez ().
It has been shown that OOMW diluted with tap water more than 10-fold has no negative impact on the soil. So, OOMW must be diluted just when it is poured out on the soil.
Test F1 -Diluted urine with a concentration similar to urban wastewaters was used. To determine whether OOMW was useful for controlling the nitrate N soil emissions from diluted urine about like urban wastewaters.
Experiments were conducted in the laboratory following a factorial design with two levels of urine and four levels of OOMW (A0, A1, A2, A3), with two replicates per sample for 3 months.
Treatments: A0 (1-2) mL of urine dissolved in 100 mL of water, A1 (1-2) mL of urine dissolved in 5 mL of OOMW and water to 100 mL, A2 (1-2) mL of urine dissolved in 10 mL of OOMW and water to 100 mL, A3 (1-2) mL of urine dissolved in 20 mL of OOMW and water to 100 mL. In each test, 20 g of each soil (loam and silt-clay-loam) were treated with 5 mL of each treatment and 5 mL of water.
Test F2 -With raw urine-OOMW. Experiments were conducted in the laboratory following a factorial design with two levels of urine and four levels of OOMW (A0, A1, A2, A3), for two types of water (tap water, BW water)
with two replicates per sample for 15 weeks. One litre of different dilutions of urine-tap water and urine-raw OOMW by volume (D10, D5, D2) were stored for 2 months in brown bottles. A duplicate was made with urine-tap water and urine-raw OOMW mixtures subsequently bubbled with industrial CO 2 for 2 min.
The treatments were: A0-2 mL of urine D5-water dissolved in 8 mL of water; A1-2 mL of urine D5-OOMW dissolved in 8 mL of water; A2-1 mL of urine D2-water dissolved in 9 mL of water; and A3-1 mL of urine D2-OOMW dissolved in 9 mL of water. All treatments were duplicated using BW. In each test, 20 g of soil were treated once with 10 mL of each treatment. Irrigation was applied once every 10 days with 10 mL of water. Dry soil samples were collected each 20 days to measure pH, EC, CaCO 3 , Ca, K, P-PO 4 , ammonium-N and nitrate-N.
The ammonium-N was analysed according to Nelson 
The effects of urine-water-OOMW mixtures on soil parameters are shown in the Table 1 (diluted urine-OOMW) and Table 2 (raw urine-OOMW). () the polyphenols of OOMW inhibited the potential nitrification activity with a reduction in nitrite and nitrate contents. This could explain the fact that these parameters were significantly correlated with the polyphenol content in the OOMW (Tables 3 and 4 ). A0: urine-tap water, A1: dilution urine with OOMW 1:20 in volume of tap water, A2: dilution urine with OOMW 1:10 in volume of tap water, A3: dilution urine with OOMW 1:5 in volume of tap water, L: loam soil, SCL: silt-clay-loam soil.
BW increases pH and reduces EC but has no influence on the nutrient content. BW, like other substances with acidic pH values, delays the decomposition of urea by maintaining the pH acidic. In basic soils, carbonic acid of BW should be neu- At pH 2, an inactivation level of between 50 and 95% has been found for some antibiotics (Hellström et al. ) .
The treatment in the present study could be considered hygienically safe because firstly, the urine belonged to a healthy person, there was no contact with faeces at any time, and secondly it was stored for more than 6 months at room temperature and it has a low pH. However, in this study, the fertilized soil samples were microbiologically analysed and gave negative results. The Spanish Royal
Decree of the Ministry of the Presidency 1620/2007 of 7
December (BOE 8.12.2007 ) established the legal regime of the reuse of treated water and the required quality for agricultural use. According to these quality criteria, the urine-OOMW mixture in the absence of pathogens (<1 UFC/ 100 mL) would be suitable for irrigation of all types of crops, including those with water-delivery systems that A0: 2 mL dilution 1:5 urine-water; A1: 2 mL dilution 1:5 urine-OOMW; A2: 1 mL dilution 1:2 urine-water; A3: 1 mL dilution 1:2 urine-OOMW; L: loam soil, SCL: silt-clay-loam soil. 
CONCLUSIONS
There is a lineal relation between pH and the fraction of urea decomposed in human urine. The addition of acidic wastewater media such as OOMW or tap water bubbled with CO 2 into urine before storage could significantly decrease the decomposition rate of urea.
The urine-OOMW-BW mixtures could inhibit the hydrolysis of the urea for more than 6 months and could be useful for the conservation of ammonium-N.
Moreover, urine-N dissolved in OOMW significantly reduced the emission of nitrates from soils for 3 months, increasing K and P values. The application of urine with BW increased soil pH and reduced EC, but did not affect nutrient contents. Urine bubbled with CO 2 could reduce the atmospheric contamination.
Thus, human or animal urine dissolved in OOMW, applied on soils as fertilizer or irrigation, could act as NPK-fertilizer. However, the impact of fertilisation with human urine-OOMW-CO 2 requires further investigation with respect to crop production and pollution. 
